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Description 

FIELD OF THE INVENTION 

9 [0001] The present Invention relates to compositions suitable for use in hemostatic devices, hemostatic devices 

utilizing such compositions and methods of making such compositions and hemostatic devices. 

BACKGROUND OF THE INVENTION 

to [0002) The control of bleeding Is essentia) and critical in surgical procedures to minimize blood loss, to reduce post- 
surgical complications, and to shorten the duration of the surgery In the operating room. Due to its btodegradabOHy 
and its bactericidal and hemostatic properties, cellulose that has been oxidized to contain carboxylic acid moieties, 
hereinafter referred to as carboxyfic-oxkllzed cellulose, has long been used as a topical hemostatic wound dressing 
in a variety ol surgical procedures, Including neurosurgery, abdominal surgery, cardiovascular surgery, thoracic surgery, 
is head end nock surgery, pelvic surgery and skin and subcutaneous Issue procedures. 

[0003] Currently utilized hemostatic wound dressings include knitted or non -woven fabrics comprising carboxytic- 
oxldlzed cellulose. Currently utilized oxidized cellulose is carboxyl ic-oxidized regenerated cellulose comprising reactive 
carboxylic acid groups and which has been treated to Increase homogeneity of the cellulose fiber. Examples of such 
hemostatic wound dressings commercially available include Surgical® absorbable hemostat; Surgicel Nu-KnH® ab- 
20 sorbable hemostat; and Surgical® Fibrillar absorbable hemostat; all available from Johnson & Johnson Wound Man- 
agement Worldwide, a division of Ethicon, Inc., Somerville, New Jersey, a Johnson & Johnson Company. Other ex- 
amples of commercial absorbable homo stats containing carboxytic-oxidized cellulose include Oxyce® absorbable 
cellulose surgical dressing from Beoton Dickinson and Company. Morris Plains, New Jersey, and Curacel® oxidized 
regenerated cellulose powder from Curaspon Healthcare, the Netherlands. 

25 [0004] Hemostatic devices utilizing carboxytic-oxidized cellulose, due to its acidic pH, are known to rapidly denature 

acid-sensitive, hemostatic proteins, including thrombin or fibrinogen, on contact Thus, ft ie. problematic to use the 
carboxyl iooxidized cellulose as a carrier for add-sertsithre species, such as thrombin and fibrinogen, as well as other 
acid-sensitive biologies and pharmaceutical agents. 

[0005] In addition to issues concerning compatibility of conventional carboxylic, oxidized cellulose with “acld-sensi- 
30 ttve* species, e.g. proteins, drugs, etc., While the absorbency of body fluid and the hemostatic action of such currently 
available carboxytic-oxidized cellulose hemo stats are adequate for applications where mild to moderate bleeding is 
encountered, they are not known to be effective to provide and maintain hemostasis in cases of severe bleeding where 
a relatively high volume of blood Is lost at a relatively high rate. In such Instances, e.g. arterial puncture, liver resection, 
blunt liver trauma, blunt spleen trauma, aortic aneurysm, bleeding from patients with over anticoagulation, or patients 
* with coagulopathies, such as hemophilia, etc., a higher degree of hemostasis is required quickly. 

[0006] The present invention provides devices that provide hemostatic and antimicrobial properties equivalent to 
or better than conventional hemostatic devices or that also may be compatible with “acid-sensitive" species, and meth- 
ods for preparing such devices. 

40 SUMMARY OF THE INVENTION 

[0007] The present Invention is directed to compositions suitable for use In a hemostatic device and hemostatic 
devices utilizing such compositions, where the compositions comprise blocompallble, oxidized cellulose panicles hav- 
ing an average designated nominal particle size of about O035-4.35mm; and a blocompallble, water-soluble or water- 
45 swellable polysaccharide porous binder component. The invention also is directed to methods of making the compo- 
sitions and the medical devices utilizing such compositions. 

BRIEF DESCRIPTION OF THE FIGURES 

so [0008] 

Figure 1 is a scanning electron microscopy image (X50) of a cross section of a wound dressing described in 
example 1c 

Figure 2a is a scanning electron microscopy image (X50) of the first surface of a wound dressing described in 
ss example 1c. 

Figure 2b is a scanning electron microscopy Image (X250) of the first surface of a wound dressing described in 
example 1c. 

Figure 3a is a scanning electron microscopy Image (X50) of the second opposing surface of a wound dressing 
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described in example 1c. 

Figure 3b is a scanning electron microscopy image (X250) of the second opposing surface of a wound dressing 
described in example 1c. 

Figure 4 is a scanning electron microscopy image (X50) of a cross section of a wound dressing described in 
5 example 1b 

Figure 5a is a scanning electron microscopy image (X50) of the first surface of a wound dressing described in 
example lb. 

Figure 5b is a scanning electron microscopy image (X250) of the first surface of a wound dressing described in 
example 1 b. 

io Figure 6a is a scanning electron microscopy image (X50) of the second opposing surface of a wound dressing 

described in example 1b. 

Figure 6b is a scanning electron microscopy image (X250) of the second opposing surface of a wound dressing 
described in example 1b. 

Figure. 7 is a scanning electron microscopy image (X50) of a cross section of a wound dressing described in 
is Example 1 a. 

Figure 8a is a scanning electron microscopy image (X50) of the first surface of a wound dressing described in 
example la. 

Figure 8b is a scanning electron microscopy image (X250) of the first Surface of a wound dressing described in 
example 1 a. 

20 Figure 9a is a scanning electron microscopy image (X50) of the second opposing surface of a wound dressing 

described in example la. 

Figure 9b is a scanning electron microscopy image (X250) of the second opposing surface of a wound dressing 
described in example 1 a. 

Figure 10a is a scanning electron microscopy image (X50) of a cross section of a hermostatic device described 
25 In example 3. 

Figure 10b is a scanning electron microscopy image (X250) of a cross section of a hemostatic device described 
in example 3. 

Figure 11a is a scanning electron microscopy image (X50) of a surface morphology of a hemostatic device de- 
scribed In example 3. 

30 Figure 11b is a scanning electron microscopy image (X250) of a surface morphology of a hemostatic device de- 

scribed in example 3. 

Figure 12a is a scanning electron microscopy image (X50) of an agglomerate described in example 4. 

Figure 12b is a scanning electron microscopy image (X250) of an agglomerate described in example 4. 

Figure 13 is a scanning electron microscopy image (X50) ot a surface morphology of the micro-fibers described 
35 in example 2. 

DETAILED DESCRIPTION OF THE INVENTION 

[0009] We have discovered certain compositions that utilize biocompatible oxidized cellulose particles and a blo- 
40 compatible, porous polysaccharide binder component and that possess properties suitable for use in hemostatic de- 
vices. Particles, as used herein, is meant to include various forms of solid particulate material that may be combined 
with a polymeric binder component to form a composition having structure, and specifically includes forms such as 
fibers and ponders of both regular and irregular shape. The compositions comprise a porous, polymer binder compo- 
nent, whereby the oxidized cellulose particles are bound by the binder component so as to provide the composition 
45 with physical and chemical properties suitable for use in hemostatic devices. The physical structure of the compositions 

may be in the form of a foam or an agglomerate, each as described in more detail herein below. 

[0010] Hemostatic devices of the present Invention utilizing such compositions provide and maintain effective he- 
mostasis when applied to a wound requiring hemostasis. Effective hemostasis, as used herein, is the ability to control 
and/or abate capillary, venous, or arteriole bleeding within an effective time, as recognized by those skilled in the art 
so of hemostasis. Further indications of effective hemostasis may be provided by governmental regulatory standards and 
the like. 

[0011] In certain embodiments, hemostatic devices of the present invention may be effective in providing and main- 
taining hemostasis in cases of severe bleeding. As used herein, severe bleeding is meant to include those cases of 
bleeding where a relatively high volume of blood is lost at a relatively high rate. Examples of severe bleeding include, 
55 without limitation, bleeding due to arterial punture, liver resection, blunt liver trauma, blunt spleen trauma, aortic an- 
eurysm, bleeding from patients with over-anticoagulation, or bleeding from patients with coagulopathies, such as he- 
mophilia. Such devices allow a patient to ambulate quicker than the current standard of care following, e.g. a diagnostic 
or interventional endovascular procedure. 
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[0012] The polymer used to prepare the porous, binder component in compositions and devices of the present In- 
vention \& a biocompatible, water-soluble, or water-sweUaWe polymer. In order to provide the composition With chemical 
properties suitable for use in hemostatic devices, the water-soluble or water-swedable polymer must rapkSy absorb 
blood or other body fluids and form a tacky or sticky gel adhered to tissue when placed in contact therewith. The fluid- 
5 absorbing polymer, when In a dry or concentrated state, Interacts with body fluid through a hydration process. Once 
applied to a bleeding site, the polymer interacts with the Water component In the blood via the hydration process. The 
hydration force not only provides an adhesive interaction that aids In the hemostatic device adhering to the bleeding 
site, but it also serves as a sealant at the bleeding site to stop the blood flow and thus aid in hemostatis provided by 
the oxidized cellulose f here. 

io [0913] Preferred polymers used as a binder component include polysaccharides. Such polysaccharides include, 
without limitation, cellulose, alkyl cellulose, o.g. methylceitulose, alkylhydroxyalkyl cellulose, hydroxy alkyl cellulose, 
cellulose sulfate, salts of carboxymethyl cellulose, carboxymethyl celulose, carboxy ethyl oeRuiose, chltin, carboxyme- 
thyl chltin, hyaluronic add, salts of hyaluronic add. Alginate, alglnic add, propylene glycol alginate, glycogen, dextran, 
dextran sulfate, curdlan, pectin, puluian, xanthan, chondroftin, chondroitin sulfates, carboxymethyl dextran, car- 
15 boxymethyl chitosan, chltosan, heparin, heparin sulfate, heparan, heparan sulfate, dermatan sulfate, keratan sulfate, 
carrageenans, chltosan, starch, amylase, amylopectin, poty-N-gtucosamine, polymannuronic add, poiyglucuronic acid 
poiyguluromc add, and derivatives of any of the above. 

[0014] Prelerably, oxidized cellulose panicles are used to prepare the compositions and hemostatic devices of the 
present Invention. The oxidized cellulose may be amorphous, crystalline or a combination thereof. The oxidized cd- 
20 I u lose maybe carboxyUooxidized cellulose or aldehyde-oxidized cellulose, each as defined and described herein. The 

oxidized cellulose may be oxidized regenerated cellulose, which has a higher degree of uniformity versus cellulose 
that has not been regenerated. Regenerated cellulose and a detailed description of how to make oxidized regenerated 
cellulose is set forth In United States Patent 3,364,200, which discloses the preparation of carboxylic- oxidized cellulose 
with an oxidizing agent such as d (nitrogen tetroxhJe In a Freon medium, and United States Patent 5,160,388, which 
25 discloses the preparation of cartxwytic-oxldized ceDutoee with an oxidizing agent such as nitrogen dioxide In a per- 
f luorocarbon solvent, the contents each of which is hereby incorporated by reference as if set forth in Its entirety. After 
oxidation by either method, the carboxytic-oxkfized cellulose is thoroughly washed with a solvent such as carbon tet- 
rachloride, followed by aqueous solution of 50 percent isopropyl alcohol (IPA), and finally with 99% I PA As such, 
teachings concerning oxidized regenerated cellulose and methods of making same are well with bn the knowledge of 
x> one skiUed in the art of hemostatic devices. 

[0015] Oxidized cellulose particles may be derived from an oxidized cellulose fabric that is woven or n on-woven. 
Exemplary fabrics are described in United States Patent Number 4,626,253, the contents of which is hereby incorpo- 
rated by reference herein as If set forth In Its entirety. The oxidized cellulose particles may be obtained from fabrics 
utilized in convention a) hemostatic wound dressings, such as Surgical® absorbable hemostat; Surglcel Nu-Knrt® ab- 
as sorbable hemostat; and Surgicet® Fibrillar absorbable hemostat; ail available from Johnson & Johnson Wound Man- 
agement Worldwide, a division of Ettticon, Inc., Somarrfle. New Jersey, a Johnson & Johnson Company, as wed as 
OxycelB absorbable cellulose surgical dressing from Becton Dickinson end Company, Morris Plains, New Jersey. 
Oxidized ceflulose powder such as CuraceKb oxidized regenerated ceflulcuse powder from Curaspon Healthcare, the 
Netherlands, also may be used in compositions and hemostatic devices of the present invention. 

40 [0016] Embodiments of the present Invention include the use of oxidized cclufoeo Embodiments of the present In- 

vention indude the use of oxkflzed cellulose particles that are derived from absorbable hemostatic fabrics that are 
warp knitted tricot fabrics constructed of bright rayon yam which Is subsequently oxidised to includo carboxyl or alde- 
hyde moieties in amounts effective to provide the fabrics with biodegradabflity and anti-microbial activity. The fabrics 
ere characterized by having a single ply thickness of at least about 0.5 mm, a density of at least about 0.03 g fcm* air 
45 porosity of less than about 150 cmVaec/cm?, and liquid absorption capacRy of at least about 3 times the dry weight of 

the fabric and at least about 0,1 g water per cm? of the fabric. 

[0017] The tricot fabrics from which the oxitfized cellulose particles may be derived may be constructed from bright 
rayon yams of from about 40 to 60 total denier. Each yam may contain from 1 0 to 25 tndhridual filaments, although 
each individual filament preferably Is less than 5 denier to avoid extended absorption times. The high bulk and fabric 
so density are obtained by knitting at 28 gauge or finer, preferably at 32 gauge, with a fabric quality of about 10 or 12 <40 
to 46 courses per inch). A long guide bar shog movement of at least 6 needle spaces, and preferably 8 to 12 spaces, 
further Increases fabric thickness and density. 

[001 B] Where the oxidized cellulose is a carboxylic -oxidzed oeRuiose, the oxktized cellulose may be conditioned 
prior to use. Conditioning can be achieved by storing the oxidized cellulose a! room temperature under ambient con- 
95 ditto ns for at least 6 month, or conditioning can be accelerated. Alternatively, the oxkflzed cellulose Is exposed to 

conditions of about 4°C to about 90°C, at a relative humidity of from about 5% to about 90%, for a time of from about 
1 hour to 48 months; conditions of aboul 4"C to about 60*C, at a relative humkfty of from about 30% to about 80%, 
for a time of from about 72 hours to 46 months; conditions of about 18*C to about 5C*~, at a relative humidity of from 
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about 60% to about 80% t for a time of from about 72 hours to 366 hours; or conditions of about 50°C t at a relative 
humidity of about 70%, for a time of about 168 hours. 

[0019] As a result of the conditioning, the carboxylic-oxidized cellulose particles wHI comprise at least about 3 weight 
percent of water-soluble molecules, preferably from about 3 to about 30 weight percent, more preferably from about 
5 8 to about 20 weight percent, even more preferably from about 9 to about 12 weight percent, and most preferably about 

10 weight percent. In general, the water-soluble molecules are acid-substituted oligosaccharides containing approxi- 
mately 5 or fewer saccharide rings. It has been found that the hemostatic efficacy of a wound dressing derived from 
such carboxylic-oxidized cellulose, including the occurrence of re-bleeding of a wound for which hemostasis initially 
has been achieved, is improved when the contents of the water-soluble molecules reach about 8 %, preferably about 
io 10 %, based on the weight of the carboxylic-oxidized cellulose. 

[0020] The oxidized cellulose particles also will comprise form about 3 to about 20 weight percent of water, preferably 
from about 7 to about 13 weight percent, and more preferably from about 9 to about 12 weight percent water prior to 
use. Similar levels of moisture and water-soluble molecules In the carboxylic-oxidized cellulose also may be achieved 
by other means. For example, sterilization by known techniques, such as gamma ore-beam Irradiation, may provide 
is simitar content of water and/or water-soluble molecules. In addition, water-soluble molecules such as oligosacchrides 
could be added to the oxidized cellulose particles prior to use. Once having the benefit of this disclosure, those skilled 
in the art may readily ascertain other methods for providing such oxidized celluloses with moisture and/or water-soluble 
molecules. 

[0021] In some embodiments of the invention, hemostatic agents, or other biological or therapeutic compounds, 
20 moieties or especies, e.g. drugs, and pharmaceutical agents, may be used. As discussed above T such agents or com- 
pounds may be "acid-sensitive ,, ( meaning that they may be degraded or denatured by, or otherwise detrimentally af- 
fected by acidic pH, such as is provided by conventional carboxylic-oxidized hemostatic wound dressings. Hemostatic 
devices of the present invention that are compatible with acid-sensitive species comprise oxidized cellulose derived 
from a biocompatible, aldehyde-oxidized polysaccharide. In such devices, the polysaccharide preferably will contain 
25 an amount of aldehyde moieties effective to render the modified polysaccharide biodegradable, meaning that the 
polysaccharide is degradable by the body into components that either are resorbable by the body, orthat can be passed 
readily by the body. More particularly, the biodegraded components do not elicit permanent chronic foreign body re- 
action when they are absorbed by the body, such that no permanent trace or residual of the component is retained at 
the Implantation site. 

30 [0022] Aldehyde-oxidized polysaccharides used in the present invention may indude, without limitation, cellulose, 

cellulose derivatives, e.g. alkyl cellulose, for instance methyl cellulose, hydroxyalkyl cellulose, alky Ihydroxy alkyl cellu- 
lose, cellulose sulfate, salts of carboxymethyl cellulose, carboxymethyl cellulose and carboxyethyl cellulose, chitin, 
carboxy methyl chitin, hyaluronic add, salts of hyaluronic add, alginate, alglnic add, propylene glycol alginate, glycogen, 
dextran, dextran sulfate, curdtan, pectin, pullulan, xanthan, chondroitin; chondroltln sulfates, carboxymethyl dextran, 
35 carboxymethyl chitasan, heparin, heparin sulfate, heparan, heparan sulfate, dermatan sulfate, keratin sulfate, carra- 
geenans, chitosan, starch, amylose, amy to pectin, poly-N-glucosamine, polymannuronic acid, polyglucuronic add, poly- 
gulurontc acid and derivatives of the above, each of which has been oxidized to included anti-microbial effective 
amounts of aldehyde moieties. 

[0023] In preferred embodiments utilising aldehyde-oxidized polysaccharides, the polysaccharide Is oxidized as de- 
40 scribed herein to assure that the aldehyde-oxidized polysaccharide is biodegradable. Such biodegradable, aldehyde- 
oxidized polysaccharides may be represented by Structure I below. 



y 

55 

x+y = 100% where x and y represent mole percent, x plus y equals 100 percent, x is from about 95 to about 5, y is 
from about 5 to about 95; and R may be CH 2 OR 3 , COOR 4 , sulphonic acid, or phosphonb add; R 3 and R* may be H, 
alkyl, aryl, alkoxy or aryloxy, and 1^, and Rg may be H, alkyl, aryl, alkoxy, aryloxy, sulphonyl or phosphoryl. 





[0024] In certain embodiments of the present invention, the btocompalfote, biodegradable hemostatic devices com- 
prises biocompatible, biodegradable, aldehyde-oxidized regenerated cellulose, in particular, preferred aldehyde-oxi- 
dized regenerated cellulose Is one comprising repeating units of Structure II: 




x+y = 100% where x and y represent mole percent, x plus y equals 100 percent, x is from about 95 to about 5. y Is 
from about S to about 95; and R Is CHjOH, R, and Rg are H. 

[0025] In preferred embodiments of the Invention, the aldehyde-oxlcflzed regenerated polysaccharide, eg. cellulose, 
is es&entiatiy free of functional or reactive moieties other than aldehyde moieties. By essentially free. It Is meant that 
the polysaccharide does not contain such functional or reactive moieties In amounts effective to alter the properties of 
the aldehyde-oxidized polysaccharide, or to provide the polysaccharide with a pH of less than about 4.5, more preferably 
less than about 5, or greater than about 9, preferably about 9.5. Such moieties include, without limitation, carboxylic 
acid moieties typically present In wound dressings made from carboxyl-oxidized cellulose. Excess levels of carboxylic 
acid moieties wtU lower the pH of the dressings so that they are notcompatfole for use with those add-sensitive species 
that may be degraded or denatured by such a low pH, e.g. thrombin. Other moieties essentially excluded indude, 
without limitation, tulfonyi or phosphonyl moieties. 

[0026] Generally, the oxicfized cellulose particles of the present invention have an average designated nominal par- 
tide size of between about 0.035mm ftyier mesh size 400) to about 4.35mm (Tyter mesh size 5). More preferable the 
oxidized cellulose has an average designated nominal particle size of about O.B8mm to about 4.35 mm. Most preferably, 
the oxidized cellulose particles have an average designated nominal particle size of from about 0.80 to about 2.20 mm 
(lyier mesh size ranging from 10 to 20). By designated nominal particle size, we mean a mean distribution of a certain 
particle size with permissible variation range, as defined In ASTM Ell- 87. 

[0027] Oxidised cellulose particles used In the present invention preferably have an average designated nominal 
particle size ranging from about 0.68mm to about 4.35 mm. The oxidized cellulose particles used in the present Invention 
may be made by chopping the hemostatic fabrics described above or any oxidized cellulose fabric with a cutting blade 
of a motor-driven mill to the desired fiber length using an Thcmaa-WIJey® Laboratory Mill, Intermediate Model cutting 
blade. The motor-driven miP, with two stationary blades and a motor with four cutting edges revolving at high speed 
to produce a shearing action, is Ideal for rapid milling of fabric samples. For example, the oxidized cellulose particles 
may be made by placing an oxidized cellulose fabric, such as Surgical® absorbable hemostat; Surgical Nu-Knfi® 
absorbable hemostat; or Surgical® Fibrillar absorbable hemostat, or an oxicfized cellulose, in a stainless steel foil pouch 
filled with liquid nitrogen and submerging the foil pouch in liquid nitrogen. The foil pouch Is then passed through a dual 
wheel roller at, for example, 6 in/min, yielding oxicfized cellulose henring an average particle size of 0.035-4.35 mm. 
[0028] The compositions used to make the hemostatic devices of the present invention may be made by first dis- 
solving the water-ed \A*o or water-ewellabte polymer In water to make a polymer solution. The oxkfized cellulose par- 
ticles, e.g. fibers, and the polymer solution may then be homogenized using an U&ra-TURRAX© T18 DIXI midi Dis- 
perse rx/Homogonizars to aid the dispersion of particles throughout the solution. The homogenize^ with Its mechanical 
action, is known for use In blending unlike materials to make a homogenous distribution. After the oxidized celulose 
particles are dispersed in the polymer solution, the dispersion Is subjected to conditions under which the dissolved 
Water-soluble or water-swelable polymer Is soldffied so as to provide a porous binder component for the oxidized 
cellulose particles. The solvent, l.e. water, then is extracted from the composition to yield a porous composition com- 
prising the oxidized cellulose particles of desired size and the porous polymeric binder convener!. 

[0029] Depending on the concfitions to which the homogenous dispersion is subjected, the compositions may be in 
various forms. For example, the compositions may be in the form of a porous foam, whereby the oxidized cellulose 
particles are dispersed in a porous foam binder component, to form a porous foam sponge, as depicted In Figures 1 
thru 9b and as described in Examples la-1 c; or to form porous foam beads as depicted in Figures 10a thru 1 1b and 
as described In Example 3,dependlng on the methods used to prepare the composition. I * such cases, the particles 
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may be bound within the structure of the porous foam binder component where they may provide hemostatic properties 
to the composition. At the same time, the porous nature of the polymeric binder component allows greater exposure 
of the binder to water within the body. The compositions also may take the form of a porous agglomerate of particles 
and polymer binder, as depicted in Figures 12a and 12b and as described in Example 4. In such a case, the porous 
s polymeric binder component may take on a more fibrous structure that Is intertwined with the oxidized cellulose parti- 
cles, as opposed to a foam structure of the sponge or beads. Again, the porous nature of the agglomerates, due in 
part to the fibrous structure of the binder component, permits greater exposure ol the polymer binder to the water in 
tbe body. In both cases, the surface area of the binder is maximized so as to provide faster and more extensive hydration 
by water in the body, which in turn leads to faster and more extensive sealing properties to aid in the hemostatic 
io properties of the oxidized cellulose particles. Such compositions may be further processed into various hemostatic 
devices. 

[0030] One method of making the porous foam sponge composition used to make hemostatic devices of the present 
invention is to dissolvethe water-soluble or water-swellable polymer in an appropriate solvent for the polymer to prepare 
a homogenous polymer solution; contact the oxidized cellulose particles with an appropriate amount of the polymer 
is solution by homogenization, such that the oxidized cellulose particles are dispersed in the polymer solution; and then 
flash-freeze the polymer solution having the particles and dry /remove the solvent from the frozen structure by, for 
example, lyophilization at a pressure ranging preferably from 0-250 mtorr, more preferably from 0-200 rrrtorr, at a 
temperature ranginfrom 0°Cto -50 e C, for a time duration ranging from 10 -14 hours. Lyophilization removes the solvent 
by sublimation, leaving a porous foam sponge having the oxidized cellulose particles dispersed throughout the porous 
20 foam binder component. 

[0031] During the lyophilization process, several parameters and procedures are important to produce compositions 
having mechanical properties suitable for use in hemostatic devices. The type of microporous morphology developed 
during the lyophilization is a function of several factors, such as the solution thermodynamics, freezing rate .temperature 
to which it is frozen, and concentration of the solution. To maximize the surface area of the porous foam beads of the 
25 present invention, the homogenized polymer solution/particles may first be quickly frozen at lower than 0°C, preferably 

at about -50°C, i.e, by dripping into liquid nitrogen, followed by removal of the solvent at a pressure ranging preferably 
from 0-250 mtorr, more preferably from 0-200 mtorr, at a temperature ranging from. 0°C to -50°C, for a time duration 
ranging from 10-14 hours; leaving porous foam beads having the oxidized cellulose particles dispersed throughout 
the porous foam binder component. 

30 [0032] One method of making the porous fibrous agglomerates that may be used to make hemostatic devices of the 

present Invention Is to dissolve the water-soluble or water-swellable polymer in an appropriate solvent for the polymer 
to prepare a homogenous polymer solution; contact the oxidized cellulose particles with an appropriate amount of the 
polymer solution by homogenization, such that the oxidized cellulose particles are dispersed in the polymer solution; 
dripping the homogenized dispersion into isopropanol to precipitate the water-soluble or water-swellable polymer and 
os to form fibrous agglomerates having oxidized cellulose dispersed therein, and then fiash-freeze and dry /remove the 
solvent from the fibrous agglomerates by, for example, lyophilization at a pressure ranging preferably from 0-250 mtorr, 
more preferably from 0-200 mtorr, at a temperature ranging from 0°C to-50°C, for a time duration ranging from 10-14 
hours, leaving porous agglomerates having the oxidized cellulose particles dispersed throughout a fibrous structure 
of porous polymeric binder component. 

to [0033] If the ratio of the water-soluble or water-swellable polymer to oxidized cel iu lose particles Is too low, the polymer 
does not provide an effective seat to physically block the bleeding, thus reducing the hemostatic properties. If the ratio 
is too high, the hemostat device will be too stiff or too brittle to conform to wound tissue in surgical applications, thus 
adversely affecting the mechanical properties necessary for handling by the physician in placement and manipulation 
of the device. A preferred weight ratio of polymer to oxidized cellulose is from about 1:99 to about 15:85. A more 
45 preferred weight ratio of polymer to oxidized cellulose is from about 3:97 to about 1 0:90. 

[0034] As discussed above, hemostatic devices utilizing the compositions so produced may be of various forms, 
When the composition is in the form of a porous foam sponge, its thickness is preferably greater than 2.0 mm. More 
preferably, the thickness of the sponge ranges from 2.0 to 10 mm. Most preferably, the thickness of the sponge ranges 
from 2.5 to 5.5 mm, and the average designated nominal particle size of the oxidized cellulose particles is from about 
50 0.80mm to about 2 2 mm. A hemostatic device utilizing this composition remains very flexible, conforms to a bleeding 

site and retains good tensile and compressive strength to withstand handling during application. The hemostatic device 
can be cut into different sizes and shapes to fit the surgical needs, or can be rolled up. or packed into irregular anatomic 
areas or to facilitate use in endoscopic/less invasive procedures. 

[0035] In addition, non-woven hemostatic devices may be prepared by compacting the porous loam beads or fibrous 
55 agglomerates such as may be practiced in producing non-woven fett fabrics. Foam beads or fibrous agglomerates may 
be made to such a size as to pemnit the formation of pastes or slurries comprising the beads or agglomerates, whereby 
the pastes or slurries may be applied to or injected into areas requiring hemostatsis. Such pastes and slurries are 
reported in the art and once having the benefit of this disclosure those skilled in the art would readily be able to prepare 
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such devices. Other embocDments of hemostatto devices contemplated by the inventions include a hemostatic powder, 
a hemostatic patch, or a hemostatic plug whereby beads or agglomerates are compressed or formulated with excipients. 
[0036] As noted above, in certain embodiments ot the invention, a hemostatic agent, a biologic or therapeutic com- 
pounds, such as drugs or pharmaceutical agents, or combi nations thereof, that otherwise may be sensitive to the low 
3 pH of conventional carboxyl-oxidized cefiulose-contalntng wound dressings, may be incorporated Into hemostatic de- 
vices of the present invention ulflizlng an aldehyde-oxkJUed cellulose, wfthout having to adjust pH prior to Incorporation 
Into the dressing. Moreover, protein-based hemostatic agents, such as thrombin, fibrin or fibrinogen, if bound to the 
hemostatic device, can enhance the hemostatic property of aldehyde-oxidized oellutose hemostatic device and reduce 
the risk of thrombosis caused by free hemostatic agents migrating into the blood stream. Hemostatic agents may be 
io bound to the hemostatic device either by chemical of physical means. Agents may be covalently conjugated wth 
aldehyde groups pendant from the palysaccharide in ono Instance, thus chemically binding the agent to the hemostatic 
device. Preferably, the hemostatic agonts are physically bound to the hemostatic device via incorporation Into the 
polymer and ImmobiHzed, l.e. bound, via tyophillzation. 

[0037] Hemostatic devices made from an aldehye-oxkfczed cellulose may comprise hemostatic agents, including but 
is not limited to thrombin, fibrinogen or fibrin, in an amount effective to provide rapid hemostasis and maintain effective 
hemostasis in cases of severe bleeding, if the concentration of the hemostatic agent In the wound dressing Is too low, 
the hemostatic agent does not provide an effective proagulant activity to promote rapid dot formation upon contact 
with blood or blood plasma. A preferred concentration range of thrombin in the hemostatic device Is from about 0.001 
to about 1 percent by weight A more preferred concentration of thrombin in the hemostatic device Is from about 0.01 
so to about 0. 1 percent by weight. A preferred concentration range of fibrinogen in the hemostatic device Is from about 
0.1 to about 50 percent by weight. A more preferred concentration of fibrinogen In the hemostatic device Is from about 
2.5 to about 10 by weight A preferred concentration range of fibrin in the hemostatic device is from about 0.1 to about 
50 percent by weight A more preferred concentration of fibrin in the hemostatic device Is from about 2.5 to about 10 
by weight. 

[0038] In certain embodiments, the atdehyde-oxkftzed celutose may comprise covalently conjugated therewith a 
hemostatic agent bearing an aldehyde-reactive moiety. In such embodiments, the aldehyde moiety of aldehyde-oxi- 
dized regenerated cellulose can readily react with the amine groups present on the amino add side chains or N-tenmlnal 
residues of thrombin, fibrinogen or fibrin, resulting in forming a conjugate of the hemostatic agent with the aldehyde- 
oxidized regenerated cellulose covalentiy Inked by a reversble tmine bond. The imine bonded aldehyde-oxidized 
30 regenerated cellulose/hemostatic agent conjugated may then be further reacted with a reducing agent such as sodium 

borohydrtde or soefcum cyanoborohydride to form an irreversible secondary amine linkage. In such embodi m ents of 
the invention, the hemostatic agent Is dispersed at least on the surface of the hemostatic device, and preferably at 
least partially through the hemostatic device, bound reversbfy or Irreversibly to the aldehyde-oxidized cellulose. 
[0039] In preferred embodiments of the present Invention, the hemostatic agent, such as thrombin, fibrinogen, or 
3 $ fibrin Is constituted in an aqueous solution of a non-addic, water-soluble or waler-swellable polymer, as described 
herein above, Including but not limited to methyl ceitutose, hydroxyalkyl cellulose, water-soluble chitosan, sals of car- 
boxym ethyl carboxyethyl cellulose, chftin, sals of hyaluronic add , alginate, propylene glycol alginate, glycogen, dex- 
tran, carrageenans, chitosan, starch, amylose, poly N-gbcosamine, and the aldehyde-oxtfzed-dertvatives thereof. A 
homogenized suspension of aldehyde-oxidized cellulose and an aqueous solution of hermostatic agent and the water- 
soluble or water-sweilabio polymer, can be rapiefty lyophUized using known methods that retain therapeutic activity. 
When constructed thusty, the hemostatic agent will be substantially homogenously dispersed through the polymeric 
substrate formed during lyophllizalion. 

[0040] One skilled In the ait, once having the benefit of this disclosure, WDI be able to select the Appropriate hemo- 
static agent, water-soluble or water-ewe liable polymer and solvent therefore, and levels of use of both the polymer and 
45 hemostatic agent, depending on the particular circumstances and properties required of the particular hemostatic de- 
vice. 

[0041] Hemostatic devices of the present Invention are best exemplified in the figures prepared by scanning election 
microscope. The samples were prepared by cutting 1 -cm 2 sections of the dressings by using a razor. Micrographs of 
both the first surface and opposing second surface, and cross-sections were prepared and mounted on cartoon stubs 
so u&mg cartoon paint The samples were gold-sputtered and examined by scanning electron microscopy (SEM) under 
high vacuum at 4KV. 

[0042] WhBe the following examples demonstrate certain embodiments ol the Invention, they are not to be interpreted 
as limiting the scope of the Invention, but rather as contributing to a complete description of the invention. 
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Example la: 



Chopped CORC Fabric/Na-CMC porous patch (10/40) preparation 

5 [0043] One gam of sodium salt of CMC (Na-CMC, from Aquaion ® 7M8SF) was dissolved In 99 grams of deionized 

water. After complete dissolution of the polymer, 1 5 grams of the Na-CMC solution was transferred into a crystallization 
dish with a diameter of 10 cm. A piece of Surgical Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was 
chopped with a Thomas-Wiley® Laboratory Mill, Intermediate Model cutting blade then passed through a USA standard 
Testing Sieve (mesh size =10, A.S.T.M.E.-11 Specif i cation) to yield fibers with an average designated nominal particle 
io size of 1 .7 mm. The chopped fabric was placed in the (CMC-Na solution in the crystallization dish. The suspension of 
the chopped fabric in CMC-Na solution was placed in an Ultra-TURRAX® T18 DIXI midi Dispersers/Homogenizers 
homogenizer and homogenized for less than 5 min until the loose chopped fabric is evenly distributed in the solution. 
The homogeneous solution was then lyophillzed in the dish overnight. A very flexible patch was formed (basis weight 
= 40, thickness =• 5 mm). The patch was further dried at room temperature under vacuum. 

15 

Example 1b: 

Chopped CORC Fabric/Na-CMC porous patch (20/40) preparation 

20 [0044] One gram of sodium salt of CMC (Na-CMC. from Aquaion® 7M8SF) was dissolved in 99 grams of deionized 

water. After complete dissolution of the polymer, 15 grams of the Na-CMC solution was transferred into a crystallization 
dish with a diameter of 10 cm. A piece of Surgical Nu-Knit® fabric with a diameter of 9.8 cm (about 1 .3 gram) was 
chopped with an Thomas- Wiley® Laboratory Mill, Intermediate Model cutting blade then passed through a USA stand- 
ard Testing Sieve (mesh size =20, A.S.T.M.E.-11 Specification) to yield fibers with an average designated nominal 
25 particle size of 0.85 mm. The chopped fabric was placed in the CMC-Na solution in the crystallization dish. The sus- 
pension of the chopped fabric in CMC-Na solution was placed in an Ultra-TURRAX® T18 DIXI midi Dispersers/Ho- 
mogenizers homogenizer and homogenized for less than 5 min until the loose chopped fabric is evenly distributed in 
the solution. The homogeneous Solution was then lyophilized in the dish overnight. A very flexible patch was formed 
(basis Weight = 40. thickness = 5 mm). The patch was further dried at room temperature under vacuum. 

30 

Example 1c: 

Chopped CORC Fabrlc/Na-CMC porous patch (40/40) preparation 

35 [0045] One gram of sodium salt of CMC (Na-CMC, from Aquaion ®7M8SF) was dissolved in 99 grams of deionized 

water. After complete dissolution of the polymer, 1 5 grams of the Na-CMC solution was transferred into a crystallization 
dish with a diameter of 10 cm. A piece of Surgicel Nu-Kni*8> fabric with a diameter of 9.8 cm (about 1 .3 gram) was 
chopped with an Thomas -WBey® Laboratory Mill, intermediate Model cutting blade then passed through a USA stand- 
ard Testing Sieve (mesh size = 40, A.S.T.M.E.-11 Specification) to yield fibers with an average designated nominal 
40 particle size of 0.43 mm. The chopped fabric was placed in the CMC solution in the crystallization dish. The suspension 

of the chopped fabric in CMC-Na solution was placed in an Ultra-TURRAX® T1 8 DIXI midi Dispersers/Homogenizers 
homogenizer and homogenized for less than 5 min until the loose chopped fabric is evenly distributed in the solution. 
The homogeneous solution was then lyophilized in the dish overnight. A very flexible patch was formed (basis weight 
= 40, thickness = 5 mm). The patch was further dried at room temperature under vacuum. 

45 

Example 2: 

CORC micro-fibers/Na-CMC patch preparation 

so [0046] CORC Fibrillar was first immersed in liquid nitrogen in a stainless steel foil pouch then the LN 2 containing 
pouch filled with CORC Fibrillar will go through a dual wheel /roller at 6 in/min, yielding CORC powders, micro fibers 
or fine particles of various length/sizes. Particles of desired sizes can be subsequently separated with USA standard 
Testing Sieves (A.ST.M.E.-11 Specification) of different mesh sizes (20-400), yielding micro-fibers of length ranging 
from 0.035-0.86mm. CORC particles/powdersAnicro fibers thus prepared were placed In the CMC-Na solution In the 
55 crystallization dish. The suspension of the CORC partides/powders/micro libers in CMC-Na solution was placed in an 
Ultra-TURRAX® T1 8 DIXI midi Dispersers/Homogenizers homogenizer and homogenized until the loose CORC par- 
tides/powders/micro ftoers are evenly distributed in the CMC-Na (Aquaion® 7MBSF) solution. The homogeneous so- 
lution was then lyophilized in the dish overnight. A very flexible patch was formed (basis weight = 40, thickness = 5 
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mm). The patch was further dried at room temperature under vacuum. 

Example 3: 

9 CORC/Na-CMC micro-porous beads preparation 

[0047J CORC Fibrillar is first emerged in fiqukJ nitrogen in a stainless steel foil pouch then the LNg containing pouch 
filled with CORC FibriBar will go through a dual wheel /ruler at 6 in/min, yielding CORC powders, micro fibers or fine 
particles of various length/sizes. Particles of desired sizes can be subsequently separated with sieves. CORC particles/ 

10 powders/micro fibers thus prepared were placed In the CMC-Na Aqua] on® 7M8SF solution in the crystal izati on dish. 
Tho sueponeion of the CORC partictos/powders/mkro fibers in CMC-Na solution was placed in an Ultra-TURRAX® 
T1 8 OIXI midi Dispersers/Homogenlzers homogenizer and homogenized until the loose CORC particles/powdersAnicro 
fibers are evenly distributed in the CMONa solution. The homogeneous solution in the dish was transferred via a tube 
into LN 2 bath. The CO RG/CMC-Na suspension was instantly freezed yielding micro-porous beads of various diameters, 

19 ranging from 0.2-9 mm, and tyophitized overnight. The micro porous-beads were further dried at room temperature 
under vacuum. 

Example 4: 

20 Fibrous CORC/Na-CMC Agglomerates preparation 

(0048] CORC Fibrillar Is first emerged in liquid nitrogen in a stainless steel foil pouch then the LNj containing pouch 
filled with CORC Ftorilar will go through a dual wheel roller at 6 in/m in. yielding CORC powders, micro fibers or fine 
particles of various length/sizes. Particles of desired sizes can be subsequently separated with sieves. CORC particles/ 
Z9 powders/micro fibers thus prepared were placed in the CMC-Na (Aqualon® 7M8SF) solution in the crystallization dish. 

The suspension of the CORC particles/p owdera/mtero ffosra fit CMC-Na solution was placed in homogenizer and 
homogenized until the loose CORC parijctes/powdemArficro fibers are evenly distributed In the CMC-Na solution. The 
homogeneous solution in the dish was transferred via a tube Into isopropan ol(IPA) bath to fadfiiate the precipitation 
of CORC/CMC-Na composite. Excess amount of (80-95%) of IPA was removed from the precipitated CORC/CMC-Na 
30 composite, then the CORC/CMC-Na composite was Instantly freezed yielding fibrous agglomerates of various form 
and tyophitized overnight. The fibrous agglomerates were further dried at room temperature under vacuum. 

Example 5: 

3s Hemostatic performance of different materials in porcine splenic Incision model: 

[0049] A porcine spleen Incision model was used for hemostasis evaluation of different materials. The materials were 
cut into 2.5cm x 1.5 cm rectangles or used as prepared by methods described in the examples above. AN near Incision 
of 1 .5 cm with a depth of 0.3 cm was made with a surgical blade on a porcine spleen. After application of the test article, 
40 digital tamponade was applied to the Incision for 2 minutes. The hemostasis was then evaluated. Additional applications 

of digital tamponade for 30 seconds each time were used untS complete hemostasis was achieved. Fabrics failing to 
provide hemostasis wHWn 12 minutes were considered to be failures, table 1 fists the results of the evaluation. 



45 



50 



55 



Table 1 



Hemostatic performance of different materials | 




Percent of test samples to achieve hemostasis within the time period 


Material 


0-2 (min) 


2-3 (min) 


3-4 (min) 


4-5 (min) 


<12 (min) 


Maintenance of 
Hemostatis 


Surgical Nu-Kntt® 
absorbable hemostat 


0% 


0% 


100% 






Re-bleeding occurred 
after 4 min 


Example 1 a patch 


100% 










No Re-bleeding 
occurred 


Example 1b patch 


100% 

! 










No Re-bleeding 
occurred 
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Table 1 (continued) 



Hemostatic performance of different materials 




Percent of test samples to achieve hemostasis within the time period 


Material 


0-2 (min) 


2-3 (min) 


3-4 (min) 


4-5 (min) 


<12 (min) 


Maintenance of 
Hemostatis 


Example 1c patch 


100 % 










Re-bleeding occurred 


Example 2 patch 


100 % 










No Re-bleeding 
occurred 


Example 3 CORC/ 
Na-CMC Micro porous- 
beads 


80% 


100 % 








No Re-bleeding 
occurred 


Example 4 Fibrous 
agglomerates 


100 % 










No Re-bleeding 
occurred 


Surgical gauze 










0 % 


Re-bleeding occurred 
immediately after 



Claims 



1. A composition, comprising: 

25 

biocompatible, oxidized cellulose particles having an average designated nominal particle size of from about 

0 035 to about 4.35mm; and 

a biocompatible, porous water-soluble or water-swell able polysaccharide binder component; 

20 wherein said composition is suitable for use in a hemostatic device. 

2. The composition of claim 1 wherein the oxidized cellulose is selected from the group consisting of carboxylic- 
oxidized cellulose or aldehyde-oxidized cellulose. 

20 3. The composition of claim 2 wherein said water-soluble or water-swellable polysaccharide is selected from the 

group consisting of methylcell u lose, hydroxyalkyl cellulose, salts of carboxymethyl cellulose, carboxymethyl cel- 
lulose and carboxyethyl cellulose. 

4. The composition of claim 2 wherein said water-soluble or water-swellable polysaccharide is sodium carboxymethyl 

4 Q cellulose. 

5. The composition of claim 1 wherein the weight ratio of said water-soluble or water-swellable polysaccharide to 
said oxicfized cellulose particles is from about 1 :99 to about 20:80. 

45 6 . The composition of claim 4 wherein the weight ratio of said sodium carboxymethyl cellulose to said oxidized cel- 

lulose particles is from about 3:97 to about 10:90. 

7. The composition of claim 6 wherein said particles comprise fibers. 

50 8 . The composition of claim 7 wherein said fibers have an average designated nominal particle size of from about 

0.68 to about 4.35 mm. 



9. The composition of claim comprising a sponge having said oxidized celluose particles dispersed through said 
binder component. 

55 

10. The composition of claim 1 comprising an agglomerate of said oxidized cellulose particles and said binder com- 
ponent. 
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11 . A hemostatic device comprising a composition suitable for use therein, said composition comprising: 

biocompatible, oxidized cellulose particles having an average designated hominal particle size ol from about 

0.035 to about 4,35 mm; and 

a biocompatible, porous water-soluble ex' water-awe lab I a polysacaharide binder component. 

12* The hermostallc device of claim 11 wherein the oxidized cellulose is selected from the group consisting of cartoox- 
ytic-oxidlzed regenerated cellulose or aldehyde-oxidized ceOulose. 

13. The hemostatic device of claim 12 wherein said water-soluble or water-sweBabte polysaccharide Is selected from 
the group consisting of methyfceHulose, hydroxyalkyl cellulose, salts of carboxymethyl cellulose, carboxymethyl 
coHuioso and carboxyethyt ceOulose. 

14. The hemostatic device of daim 12 wherein said water-sotubte or water-sweitable polysaccharide Is sodium car- 
boxymethyl ceOulose. 

15. The hemostatic device of claim 11 wherein the weight ratio of said water-soluble or water-sweilable polysaccharide 
to said oxidized cellulose is from about 1:99 to about 20:80. 

16. The hemostatic device of claim 4 wherein the weight ratio of said sodium carboxymethyl cetiulose to said oxidized 
co I u lose is from about 3:97 to about 10:90. 

17. The hemostatic device of claim 16 wherein said particles comprise fibers. 

16. The hemostatic device of daim 17 wherein said fibers have an average designated nominal particle size of from 
about 0.68 to about 4.35 mm. 

19. The hemostatic device of daim 11 comprising a sponge having said oxidized ceOulose particles dispersed through 
said binder component 

20. The hemostatic device of daim 1 1 comprising an agglomerate of said oxidized cellulose particles and said binder 
component. 

21. The hermostatic device of datn 11 comprising said composition In the form of a powder, a patch, a plug, a slurry 
and a paste. 

22. A composition suitable for use in a hemostatic device, said composition produced according to the steps of: 

providing a polymer solution having a water-soluble or water-sweitable polysaccharide polymer dissolved n 
a suitable solvent therefore, 

providing biocompatible, oxidized ceOulase particles having an average designated nominal size from about 
of 0.035 to about 4.35 mm, 

contacting said polymer solution with said oxidized cetiulose particles under conditions effective to disperse 
said oxidized celulose part Idea substantially homogenously throughout said polymer solution to form a sub- 
stentiaty homogenous dispersion, 

subjecting said polymer solution having said particles dispersed throughout to conditions effective to solidify 
said substantially homogenous dispersion; and 

removing said solvent from the sotidfied dispersion, thereby forming said composition comprising said particles 
and a porous, water-soluble or water-sweilable polysaccharide polymer binder component. 

23. A process for making a composition useful In a hemostatic device, comprising: 

providing a polymer solution having a water-soluble or watar-swetiable polysaccharide polymer dissolved in 
a suitable solvent therefore, 

providing blocompatibla, oxidized cellulose particles having an average designated nominal size from about 
of 0.035 to about 4,35 mm, 

contacting said polymer solution with said oxidized cellulose particles under contftions effective to <fispsrse 
said oxidized ceOulose particles substantially homogenously throughout said polymer solution to form a sub- 
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stantially homogenous dispersion, 

subjecting said polymer solution having said particles dispersed throughout to conditions effective to solidify 
said substantially homogenous dispersion; and 

removing said solvent from the solidified dispersion, thereby forming said composition comprising said particles 
5 and a porous, water-soluble or water-sweilable polysaccharide polymer binder component. 



24. The process of claim 23 wherein said oxidized cellulose comprise carboxyl ic-oxldlzed regenerated cellulose. 

25. The process of claim 23 wherein said water-soluble or water-sweilable polysaccharide polymer is selected from 

io the group consisting of methylcellulose, hydroxyalkyl cellulose, salts of carboxymethyl cellulose, carboxymethyl 

cellulose and carboxyothyi cellulose. 



26. The process of claim 25 wherein said polymer is sodium carboxymethyl cellulose. 

is 27. The process of claim 26 wherein the weight ratio of said sodium carboxymethyl cellulose to said fibers or beads 
is from about 1:99 to about 20:60. 

28. The process of claim 26 wherein the weight ratio of said sodium carboxymethyl cellulose to said fibers or beads 
is from about 3:97 to about 1 0:90. 

20 



25 



30 



35 



40 



45 



50 



55 




rv 





EP1 493 451 A1 





EP1 493 451 A1 





EP 1 493 451 A1 





EP1 493 451 A1 




EP 1 493 451 A1 




EP1 493 451 At 




EP1 493 451 A1 




EP 1 493 451 A1 





EP1 493 451 A1 




E P 1 493 451 A1 




EP1 493451 A1 






EP 1 493 451 A1 




EP 1 493 451 A1 




EP 1 493 451 A1 




B*0 FORM 1 SCO (BJZ (PO4C01) 



EP1 403451 A1 




European Patent 
Omen 



EUROPEAN SEARCH REPORT 



Afcacaton Hunter 
EP 04 2$ 3868 



DOCUMENTS CONSIDERED TO BE RELEVANT 



ICrtapOfyj 



P.X 



Oitetei o«tecuin»n wth Mtetnn, ntera appraiiteto, 
d ralcvawt p»B<aoes 



EP 0 216 378 A (STATNI VYZKUHNY OSTAV 
TEXTILNI) 1 April 1987 (1987-84-81) 

* column 3 - column 9; claims 1-54 * 

WO 98/00180 A (WATT PAUL WILLIAM ; HARVEY 
WILSON (GB); LORIMER ELAINE (GB); JOHNSON 
8) 8 January 1998 (1998-01-08) 

* page 4 - page 7; claims 1-24; exanple 6 



GB 2 344 519 A (JOHNSON It JOHNSON MEDICAL 
LTD) 14 June 2660 (2060-66-14) 

* page 5; exanples 2»5 * 

WO 63/620191 A (UNIV IOWA RES POUND ; 
KUMAR VI JAY (US)) 

13 March 2663 (2003-63-13) 

* pages 3,5.16 * 



EP 1 370 255 A (ETHICON INC) 

7 January 2604 (2604-01-07) 

* page 3 - page 5; claims 1-25: examples 
1-11 * 



Rrtvrftni 

to claim 



CLAS*RCAT*»IOriWI 
APPUCATtPH (fcHCLT) 



1-28 



1-28 



1-28 



1-28 



1-28 



A6 1115/22 
A61L15/42 
C88 Ll/84 
C88L5/$e 
A61L26/88 



TECHNICAL FIELDS 

0nLCL7> 



A61L 

C98L 








6SKW ntfOJ Od3 



EP 1 493 451 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 04 25 3 808 



This annex lists the patent family members relating to the patent document* cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP fa* on 

The European Patent Office is on no way liable for these particulars which are merely given tor the purpose of information. 

18-10-2004 



Patent document 
cited in search report 


Publication 

date 


Patent family 
members) 


Publication 

date 


EP 0216378 


A 


01-04-1987 


cs 


8566840 A1 


12-03-1987 






EP 


0216378 A2 


01-04-1987 






HU 


41643 A2 


28-05-1987 






YU 


160886 A1 


31-08-1988 


WO 9860180 


A 


08-01-1998 


GB 


2314842 A 


14-01-1998 






AT 


247493 T 


15-09-2003 | 






AU 


737809 62 


30-08-2001 






AU 


3269297 A 


21-01-1998 






BR 


9710177 A 


18-01-2000 






CA 


2258990 A1 


08-01-1998 






CZ 


9804251 A3 


12-05-1999 






DE 


69724257 D1 


25-09-2003 






DE 


69724257 T2 


01-07-2004 






EP 


1325754 A1 


09-07-2003 






EP 


0918548 A1 


02-06-1999 






ES 


22G5237 T3 


01-05-2004 






WO 


9800180 A1 


08-01-1998 






JP 


2000513258 T 


10-10-2000 






KR 


2000022287 A 


25-04-2000 






PL 


330824 A1 


07-06-1999 






PT 


918548 T 


28-11-2003 


6B 2344519 


A 


14-06-2000 


AT 


249249 T 


15-09-2003 






AU 


771733 62 


01-04-2004 






AU 


1577009 A 


26-06-2000 






BR 


9907679 A 


24-10-2000 






CA 


2319327 A1 


15-06-2000 






CN 


1290180 T 


04-04-2001 






DE 


69911172 01 


16-10-2003 






0E 


69911172 T2 


17-06-2004 






EP 


1053029 A1 


22-11-2000 






WO 


0033893 A1 


15-06-2000 






HK 


1032362 A1 


30-01-2004 






OP 


2002531532 T 


24-09-2002 






PL 


342242 A1 


04-06-2001 






SI 


20306 A 


28-02-2001 


WO 03020191 


A 


13-03-2003 


WO 


03020191 A1 


13-03-2003 






US 


2003064089 A1 


03-04-2003 


EP 1378255 


A 


07-01-2004 


US 


2004001879 A1 


01-01-2004 






BR 


0305310 A 


08-09-2004 






CA 


2433968 A1 


28-12-2003 






EP 


1378255 A2 


07-01-2004 






OP 


2804160182 A 


10-06-2004 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 










EP 1 489 451 A1 




ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 64 25 3868 



T^tnrwBtl»lh»p8t8<fin% m»<nh M 8 routing Ip fw pm s nt etaoumenti qftod to th»*bcv«*«Mn6on«d Euraoawi 

ltamwnbmmaoartaMnth*Ei>op.<riPMoitoEI»>H.Gn &**•*> wweH -.fort. 

71* European Plant OKoa an no my BaUaloraieaapartioulMawMeharomarolr gfeonlwPwpurpoMot hfarataben 

18 - 10-2064 









